Most malformations are of unknown cause. Many types tend to recur in families and also vary in incidence according to circumstances such as season and year of conception and parental social class, age, parity, and ethnic origin; but it is uncertain whether these variations are predominantly genetic or environmental in origin, since most of the groups compared differ in both these respects.
The influence of ethnic origin on incidence seems to be especially profound (Neel, 1958) ; and in recent years the arrival in Britain of many members of non-indigenous ethnic groups has opened up the possibility of clarifying the relative importance of genotype and environment by studying their offspring. For many generations, the incidence of genetically determined malformations might be expected to remain almost the same as in the country of origin. The pattern of environmentally determined defects, on the other hand, would probably become more like that observed in children of indigenous descent, although this change might not be immediate if cultural factors were responsible for the difference.
In this paper, the main immigrant groups in Birmingham are compared with those of similar ethnic origin in other countries, and with the British-born population, in respect (Charles, 1951) , and since 1950 additional cards in respect of malformed children, including particulars of their defects, have been punched in the Department of Social Medicine at Birmingham University (Edwards, Leck, and Record, 1964;  Leck, Record, McKeown and Edwards, 1968) .
The present communication deals with births in 1960-65. In most of these cases, information regarding the ethnic origins of both parents and the social class of the father or other person providing for the child was recorded by the city's health visitors, except that for children who were stillborn or who died without a health visitor seeing them this recording was done by the midwives and maternity hospital staff.
The sources from which malformations were ascertained in 1960-65 were (i) health visitors' records; (ii) lists of admissions to local hospitals; and (iii) Health Department records of the birth histories, causes of death and necropsy findings for stillbirths and dead children, supplemented by original necropsy reports in a few cases where the other records were insufficiently precise. We have shown elsewhere (Leck and Millar, 1963; Leck, 1964 ) that these methods appear to be adequate for the ascertainment of neural tube defects, oral clefts, oesophageal and anal atresias, bilateral renal agenesis, limb deficiencies, non-hiatal diaphragmatic hernia, and exomphalos. This communication deals only with these types of defects, and with Down's disease. Children with the latter condition (including those classed as ineducable or educationally subnormal or on the At Risk register, as well as those ascertained from the other sources) are included because their particulars were available from a previous study (Leck, 1966 when it was one-tenth of the total. Only 2-3 % of all births were of unrecorded or incompletely recorded ethnic origin; but this group included 7-1 % of malformed individuals-almost as many as there were in all the non-European and part-European groups combined. In 1963-65 threetenths of the deficient records relating to malformed children lacked information about their fathers only, and seven-tenths gave neither parent's ethnic group. The reason for the high frequency of these deficiencies in malformed children is that many died before they could be documented by a health visitor. The hospital staff and midwives responsible for documentation in such cases did it less thoroughly: the ethnic group was omitted in about seven times as great a proportion of stillbirths and neonatal deaths as of survivors (Table II) .
It is essential to consider whether these stillbirths and neonatal deaths of unrecorded origin are likely to have included a substantial excess of immigrants' children; such an excess could seriously bias the results of any comparison of the incidence of lethal malformations in different ethnic groups based on these data. The social class distribution of the stillbirths and neonatal deaths in question is perhaps These findings are open to criticism on the ground that a high proportion of the children whose ethnic groups were omitted were of unrecorded social class; but they are supported by the following other reasons for thinking that the proportion of children whose parents were immigrants was relatively high in the group for whom information was only lacking in respect of the father, and low in the group whose mothers' origins were not given: (i) Among the 89 children whose fathers' origins alone were omitted, the percentage with immigrant mothers was 8 % higher than among those whose parents' origins were both recorded (Table IV) .
Probably in most of these 89 cases the reason for the attendant at the birth not recording the paternal (Leck, 1961) as well as ethnic group. In 1963-65 stillbirths and neonatal deaths of unrecorded maternal ethnic group were more than twice as numerous as those-whose fathers' origins alone were omitted, with the result that among all those whose ethnic origins were not fully recorded (the two groups combined) the proportion in social classes IV and V was rather lower than among those of known ethnic group-the reverse of the pattern to be expected if those with incomplete records included an excess of immigrants. It therefore seems reasonable to use the figures for children of known origin to compare the incidence of malformations in the different ethnic groups.
The frequency of the specific types of defects considered is shown in Table V atresia, renal agenesis, and diaphragmatic hernia are likely to have been missed-Down's disease because the other series were not followed for long enough after birth to ensure the detection of all cases, and the other defects because they may not be found in dead children unless these come to necropsy, which in some series few did. These four defects have therefore been omitted from Table VII although  included in Tables V and VI . Children with multiple defects are enumerated once in each applicable category of all three tables. The most conclusive finding in these tables is that the children of West Indian immigrants to Birmingham are quite unlike the offspring of Europeans there in respect of the incidence of malformations, but they do not differ significantly from negro populations elsewhere. The most striking aspects of the contrast between the two groups in Birmingham were the much lower figures for neural and oral defects in the West Indians. The incidence of Down's disease was also relatively low in this group, and the difference did not appear to be due to the wellknown effect of maternal age on incidence: the ratio of the observed number of children with Down's disease to the number expected (standardized for maternal age*) was 1 06 for Europeans and 0-56 for West Indians.
*Expected numbers are calculated by summing the products obtained when the incidence of affected individuals in each maternal age group of the general population is multiplied by the total numiber Of births of similar maternal age in the ethnic group concerned.
The Birmingham children of Indian and Pakistani descent, on the other hand, differed significantly (although only in respect of neural tube defects) from the other Indian series quoted (from Bombay) but not from the local European population. The incidence of these defects was higher among Indian and Pakistani immigrants to Birmingham but lower in Bombay than in Birmingham children of European descent.
Among Birmingham births to Irish parents, neural tube defects were significantly more common than in those of British origin, but significantly less common than in Belfast, Northern Ireland.
DIscussIoN
Opinions differ on whether the variability of the incidence of malformations between ethnic groups is due mainly to differences in the environment (Morton, 1962) or in the population frequency of particular combinations of the genes that influence development (Neel, 1958) . In the present series, the findings among immigrants from Ireland and from India and Pakistan are compatible with either hypothesis, but the contrast between the European and West Indian figures seems likely to be genetic in origin.
The British, Irish, and Indian or Pakistani populations differed mainly in respect of neural tube defects, and even more extreme differences of this kind between caucasoid communities have been described by Penrose (1957) , Neel (1958) , and group.bmj.com on November 6, 2017 -Published by http://jech.bmj.com/ Downloaded from 'Stevenson, Johnston, Golding and Stewart (1966) . The total given for the Panama and Sao Paulo population is an estimate, calculated from the published data on the assumption that all multiple births were twins. Stevenson, Johnston, Stewart, and Golding (1966) . In the Irish and Indian or Pakistani groups in Birmingham, incidence was closer to the figures for the rest of the local population (Table VI) than to those reported from Belfast and Bombay respectively (Table VII) . The main difficulty about accepting this pattern as a reflection of environmental differences between localities is that the Belfast and Bombay figures may not be typical of the communities from which the immigrants came. The
Belfast figure for neural tube defects (8 7/1000) was elevated by the exclusion of domiciliary births (Stevenson et al., 1966) , and the Annual Reports for 1964-66 of the Registrar-General for Northern Ireland record only 7-5 cases/1000 total births, not significantly more than in Birmingham children of Irish origin. The difference between the two groups of Indian or Pakistani origin may only indicate that the immigrants came from areas of higher incidence than Bombay; many of them are Sikhs, among whom it appears from data from the Punjab that these defects are especially common (Stevenson et al., 1966) . There is, however, independent evidence from Boston, Mass. (Naggan and MacMahon, 1967) and Hawaii (Morton, Chung and Mi, 1967 ) that the incidence of neural tube defects in the descendants of caucasoid migrants may tend to move away from the pattern observed in their country of origin and toward that shown by the rest of the local population.
The similarity of the incidence of malformations in West Indians to the pattern in North and South American negroes and in the South African Bantu (Table VII) , and the sharp contrast between these and the European figures for neural and oral defects (Table VI) , seem to invite a genetic explanation. As far as anencephalus and cleft lip are concerned, the contrast is as marked in cities of the United States of America as in Birmingham (Figure) , although the North American negroes studied had been in a non-tropical industrialized environment for much longer on average than the West Indian immigrants to England. There was no such contrast between the Birmingham figures for Europeans and those for children of Indian or Pakistani parents, who genetically are much closer to the indigenous community than the West Indians but differ more culturally.
If it is accepted that the contrast in incidence between caucasoid and negroid populations is probably due mainly to differences in the frequency of certain combinations of genes, the nature of these combinations must be considered. Neel (1958) suggested that a high level of homozygosity in the genotype as a whole might predispose to malformations, and that the low incidence of defects in North American negroes might reflect the reduction in homozygosity occasioned by their mixed descent. The additional data now available do not support this suggestion. The (Leck, 1965 
